Topographic heterogeneity in cholesterol biosynthesis.
We have examined the membrane topography of cholesterol biosynthesis in cultured human fibroblasts. We fed the cells with radioacetate and then interrupted the biosynthetic pathway so as to trap labeled intermediates in their subcellular locations. We analyzed homogenates of human fibroblasts labeled biosynthetically from radioacetate by centrifugation to equilibrium on sucrose gradients. The following two methods were used to interrupt cholesterol biosynthesis: incubation at 10 degrees C and treatment with 4,4,10 beta-trimethyl-trans-decal-3 beta-ol, a specific inhibitor of oxidosqualene cyclase. Incubation at 10 degrees C caused the accumulation of radiolanosterol at the expense of cholesterol. The lanosterol appeared predominantly at an unusually buoyant density (20% (w/w) sucrose; d = 1.08 g/cm3) as well as at the density normally labeled at 37 degrees C (30% sucrose; d = 1.13 g/cm3). 4,4,10 beta-Trimethyl-trans-decal-3 beta-ol treatment caused the accumulation of labeled squalene and squalene 2,3-oxide. Reversal of the block permitted the label to progress rapidly as a wave into lanosterol and ultimately into cholesterol. The profiles of the three precursors did not coincide, suggesting that they were mostly in different membranes. Squalene was uniquely confined to a density of 1.18 g/cm3 (40% sucrose) while squalene 2,3-oxide appeared in peaks of density 1.08 g/cm3 and 1.13 g/cm3 (20% and 30% sucrose). Lanosterol was in a peak of density 1.13 g/cm3. Pulse-chase experiments showed that lanosterol synthesized in the membranes at 20% sucrose moved rapidly to the membranes at 30% sucrose where it was converted to cholesterol. The density gradient profiles of the following organelle markers also were monitored: plasma membrane, cholesterol mass; Golgi apparatus, galactosyltransferase; endoplasmic reticulum, RNA, 3-hydroxy-3-methylglutaryl-coenzyme A reductase and cytochrome c reductase; peroxisomes, catalase. None of these markers appeared at the buoyant density of 1.08 g/cm3. We conclude that 1) cholesterol biosynthesis may be topographically heterogeneous and 2) newly synthesized squalene 2,3-oxide resides in a buoyant membrane fraction distinct from markers for the major organelles.